We study J/ψ survival probability, using short-distance QCD, in an equilibrating parton gas. The evolution of the system is determined within the Parton Cascade Model. Due to the formation of a large number of partons within this model, a large fraction of J/ψ are found to be suppressed. In a thermal equilibrating plasma this suppression is found to be almost 95 percent, while it is around 90 percent in a chemically equilibrating plasma. PACS: 12.38.Mh, 24.85.+p, 25.75.Dw 
Recently a lot of effort is being made to detect a new phase of matter, namely quarkgluon-plasma(qgp). This plasma at nuclear level is expected to be formed in future Relativistic heavy ion colliders(RHIC) at BNL and Large Hadron Colliders(LHC) at CERN [1, 2] . For its detection, it is very essential to study the various possible signatures, due to its short life time and small size. The prominent proposed signatures are J/ψ suppression [3] , dilepton and strangeness enhancements [4, 5] , and direct photon production [6] . Consider J/ψ suppression: different models are available describing various ways of suppression. An important model among them is the one proposed by Matsui and Satz [3] , which leads to Debye screening. The other proposals include nuclear modifications of the gluon distribution functions [7] [8] [9] , multiple scattering accompanied by energy loss [10] , and a suppression of nascent J/ψ before it forms a physical resonance [11] . The observed suppression is also suggested to be due to the collisions between hadrons in the hadronising phase [12] . But recently it has been observed that π-J/ψ cross section is smaller than the g-J/ψ cross section at a reasonable temperature of ∼ 500 MeV [13] .
On the other hand J/ψ enhancement can occur due to an increase in the charms produced at a very high temperature, especially in the initial stages [14, 15] . Thus while decsribing the observed supression, it is essential that the evolution of the system, after the two nuclei have collided with each other, be taken into account. It is interesting to study what happens actually at relativistic heavy ion collisions, rather than merely estimating the suppression in a fully equilibrated system. Of course, the equilibration of qgp in heavy-ion collisions is not completely studied yet. The rate of equilibration at RHIC and LHC, are different for different models. Two relevant models that describe the equilibration of qgp are parton cascade model(PCM) [16] , and heavy-ion jet interaction generator(HIJING) [17] . Both use pQCD in describing the interaction among partons. There is also a different approach where the field produces particles in a flux-tube model [18] , but we do not consider this alternative approach here.
As a first step, Xu et al. [19] have estimated J/ψ survival probability in an equilibrating parton plasma, by employing HIJING model [17] . Recall that the HIJING model is based on a set of master rate equations, using pQCD for the interaction among partons. In contrast, in PCM, the production and evolution ofpairs and gluons are studied numerically by solving a relativistic transport equation and by considering the direct collision processes 2− > 2, the inelastic collision processes 2− > 1, and the decay processes 1− > 2 [16] .
Detailed descriptions and comparisons of the PCM and HIJING model are given in the references [20, 21] . As mentioned by Geiger [20] , even if the evolutions in both the models look simillar as both use pQCD, the absolute magnitude of particle production or the cetnral rapidity density is totally different. This absolute number is different atleast by a factor of two or even more. In PCM description the system becomes dense and hot, relative to the HIJING description. As mentioned by Geiger [20] , this discrepancy is mainly due to two reasons. Firstly, it is due to different regularisation procedures, i.e., a fixed p ⊥cut = 2GeV is used in HIJING contrary to PCM(here p ⊥cut distinguishes soft proceses from hard and semi hard processes). Secondly, PCM has a different treatment of multiple parton interaction and collective effects(which is partly absent in HIJING). In short, both PCM and HIJING models incorporate the pQCD, but differently in studying the equilibration of qgp. So it is of interest to compare survival probability as calculated in HIJING model [19] , with the prediction of PCM, which is the purpose of the present paper. Although to do an extensive parton cascade monte carlo simulation is beyond our scope here, we have used the results of PCM [16] .
It should be noted that the production of thermal charm quarks in ultra relativistic heavy-ion collisions at RHIC is an important prediction of PCM, especially at the very early time of evolution of the system [14] . These charms would, at a later time, form a J/ψ(or its excitation) if there is no suppression or loss. A proper hadronisation model inside a medium has to be incorporated to calculate the J/ψ formation, for these thermally produced charms.
After accomplishing this, one can study the evolution of thermal J/ψ and its subsequent suppression or enhancement, due to the medium. In his study of PCM, Geiger [14] finds a copious production of cc. Taking a coalescence approach(instead of proper hadronisation model), he further concludes that J/ψ are also copiously produced. He further assumes that all thermally produced J/ψ remain in the bound state during whole evolutions [14] .
We recall that screening of J/ψ was originally [3] proposed without taking production of thermal charms into account, which was argued to be negligible at T ≃ 200 -300 MeV.
However in PCM, the system can approach a temperature which is as large as 900 MeV initially, [16] and can therefore produce a large number of thermal charms at RHIC. So to make resonable estimates in the collisions at RHIC and LHC, one has to take into account both thermal and hard J/ψ. All the aspects have to be studied in detail before concluding anything about qgp signature, such as J/ψ suppressions at RHIC and LHC. We shall try that below.
As reported in parton cascade model, a very highly dense system of partons is formed with very high temperature at RHIC for Au-Au collisions at 200 A GeV [16] . The gluons carry a large fraction of the total partons. Almost 80 perccent of the total partons comprise gluons, in contrast to 37 percent for a non-interacting ideal qgp with three flavours of massless quarks at the same temperature. Within PCM the system is thus essentially a hot gluon-plasma with some "contamination" from quarks if we consider RHIC energies. A thermodynamic equilibrating plasma has the following parametrisation for different physical observables:
where n(τ ), ǫ(τ ) and T (τ ) are the numbber density, energy density and temperature respectively of the system . Here τ 0 = .05f m. This results are presented upto 2.4f m. For more details on this, see [16] . These analytic forms are the extrapolation of the simulation data points of the hard PCM monte carlo calculation. We shall use the above distributions to study J/ψ suppressions in relativistic heavy-ion collisions at BNL.
The interaction of J/ψ with hadrons and deconfined partons are different [22] . Because of its small size, a heavy quarkonium can probe the short distance properties of light hadrons.
For sufficiently heavy quarks, the dissociation of quarkonium states by interaction with light hadrons is fully accounted for by short-distance QCD [13] . This is simillar to that used in deeply inelastic lepton-hadron scatterings [23] [24] [25] 22] . These pertubative calculations become valid when the space and time scale associated with the quarkonium state, r Q and t Q , are small in comparison to the nonperturbative scale λ QCD . For J/ψ ground state
With λ QCD = 0.2GeV , the above inequalities seem to be well satisfied(for details on this see Ref. [13] ) and we expect that the dissociation of J/ψ's in hadronic matter will be governed by the J/ψ-hadron break-up cross section as calculated in short distance QCD. This resulting J/ψ-hadron cross section can be related to the distribution function of gluons inside a hadron. The operator product expansion allows one to express the hadron-J/ψ inelastic cross section in terms of the convolution of the gluon-J/ψ dissociation cross section with the gluon distribution inside the hadron [22] . The gluon-J/ψ dissociation cross section is given by [13] :
where g s is the coupling between gluon and C quark, m Q the C quark mass, and q 0 the gluon energy in the J/ψ rest frame. Here q 0 value is higher than the J/ψ binding energy ǫ 0 .
The gluons which are soft inside a pion are not capable of dissociating a charmonium.
Hence they give a low π − J/ψ cross-section [13] . However, deconfined gluons, which carry enough energies, are sufficient to break a charmonium [13] . This conclusion does not seem to be affected substantially by nonperturbative effects, analysed in Ref. [26] .
The energy dependence of the cross-section is analysed in Ref. [19] , whose value peaks at around .92 GeV, and strongly decreases towards the threshold. These high momentum gluons are well available in a deconfined medium. Within PCM, a typical maximum average energy carried by a gluon is about 2GeV , if the system evolves thermally. These deconfined gluons can break a fully formed J/ψ that exit inside qgp.
A survival probability of J/ψ in an equilibrating parton plasma is obtained by using the above cross-section.
As was done in reference [19] , the QQ is treated to be hydrogen like and the coulomb
gives
Concentrating on the central rapidity region, the J/ψ velocity is,
A gluon with four momentum k = (k 0 , k) in the rest frame of parton gas has an energy q 0 = k · u in the rest frame of J/ψ. The thermal g − J/ψ dissociation cross-section has the form
To obtain an expression for distribution functions we use
where a(τ ) captures the deviation from equilibrium, which is determined from the relation
by the help of equation (3). Here n g (τ ) is determined from PCM(see below). In the above expression, we use dΓ = γd 3 p (2π) 3 p 0 and γ = 2 × 8(which is the product of spin and color degeneracy for gluons). Here as a(τ ) cancels both from numerator and denominator of eqn. (7), we need not know its form. What matters is n(τ )(see below) whose evolution is obtained from eqn.
(1). The relative velocity between the J/ψ and a gluon is given by,
For central collisions the survival probability is then given by
where the number density evolution for gluon is given by roughly the 72 percent of the total parton evolution(see ref [16] ).
We have tried to see what the suppression for a chemically equilibrating plasma within the PCM is. An ideal number density for gluons at temperature T g is obtained from the Bose-Einstein distribution of the system, namely,
where u µ is the flow velocity,u µ = (coshη, 0, 0, sinhη): η is the space-time rapidity defined as tanhη = z/t. Inserting this in the formula for n g
where dΓ =
; ξ = (η − y) and y = tanh −1 (p l /p 0 ) is the momentum rapidity, we find that n eq g = 1.948T ) is also reported in reference [16] within PCM for a chemiccally equilibrating plasma. Combining all these we obtain n g (τ ) for gluons.
We have found the following parametrisation for T g (τ ) and n g (τ ) from PCM [16] : 1946) .0796f m < τ < 0.2229f m (13)
Here τ 0 = .05 fm as before. The typical momentum of a gluon in a chemically equilibrating qgp is greater than .75 GeV which is the required momentum of gluon(.7GeV < k < 1.7GeV ) to break a J/ψ to open D mesons, as reported in the reference [13] .
In fig-1 we have shown the thermally averaged gluon-J/ψ cross section as a function of J/ψ transverse momentum P T for different values of temperature. At T=800 MeV this cross section is smaller. However due to large initial partons formed within PCM this smaller thermal cross sections may not have a large effect on the total survival probability.
The survival probability as a function of P T , for RHIC energy within PCM is shown in fig 2 and 3 . Interestingly the suppression is almost 95 percent for a thermal equilibrating plasma( fig 2) and is around 90 percent for a chemically equilibrating plasma (fig 3) . This is due to the fact that in PCM calculation, there is a large number of parton produced in heavy-ion collisions at RHIC. This suppression is expected to be increased even further, for LHC energies.
To conclude, using short distance QCD and, PCM evolution of qgp in heavy-ion collisions at RHIC, we have shown that a large number of J/ψ is suppressed. This suppression is a good measure for the early stage information about the system at heavy-ion collisions and possible deconfinement. After measuring the suppression one can get the information about the initial temperature of qgp. However a complete calculation of thermal J/ψ has to be incorporated in the above formalism with a suitable model of hadronisation in medium before predicting any thing. This is because a large number of charm quark production is reported in PCM. It is only after incorporating the above features the certainty of screening can be justified. 
